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Abstract 
Today, various types of industrial waste are produced in different industries to meet human demands. Growth in quantity 
as well as complication in quality of these wastes are followed by the advance of technology. Management of such 
wastes need a proper identification and comprehensive understanding of the risk, emerging after the harmful 
characteristics of the wastes and negatively affect the human and environment health. Wastes risk ranking systems, in 
this regard, links between the industrial wastes indices and mathematical method/algorithm, being able at estimation of 
the risk level as well as comparison between the wastes of an industrial unit based on the risk level. Complexity of the 
method, high computational costs and lack of proper description of waste using selected indices in former studies has led 
to the proposal of an applicable and flexible method. In this study, the “TOPSIS Multi-Criteria Decision-Making 
(MCDM) method” was developed in order for ranking the risk of various industrial wastes. Totally, a number of 9 
subsidiary indices on the human health and 11 subsidiary indices on the environment health was identified and 
employed. Finally, the proposed waste risk ranking system was used for ranking 9 types of identified industrial waste in 
three industrial section. Results show that the “TOPSIS MCDM”, due to the lack of complexities in method and limited 
computational costs, is an efficient and appropriate method for ranking industrial wastes. 
Keywords: Industrial Waste; Waste Risk Ranking System (WRRS); TOPSIS Multi-Criteria Decision (MCDM) Method; Descriptive 
Indices of Waste. 
 
1. Introduction 
Cities of the Asia and Pacific region have accommodated 2.1 billion people, more than half of the world’s urban 
population, while this portion will continue to grow with the growth of regional urbanization within the current century 
[1]. Until 2050, nearly 65% of the regional population will be urbanized, starting from 47.4% in 2014. Most of this 
progress will occur in cities containing below 500,000 residents (i.e. secondary cities and towns) in middle- and low-
income countries. Unfortunately, these cities are conventionally provided with the least facilities to face the difficulties 
cussed by instant urbanization. Urbanization would leave significant tracks on all aspects of life, such as the 
environmental and human health. Today, human and environmental health issues caused by various types of industrial 
wastes are resulting from large scale production of wastes, being vast in variety and composition, as well as 
unfamiliarity with the waste types and complications of waste management [2]. Proper identification of waste directly 
affects the estimation of their risk, and preparation in order to encounter and prevent the harmful tracks of industrial 
waste [3, 4]. Physical, chemical, and toxicological properties as well as production volume and use patterns are 
demanded to identify hazards and estimate the risks resulted from industrial and other groups of wastes [5]. 
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At present, numerous investigations are proposed on identification of the indices and characteristics of various types 
of waste, according to which, waste ranking systems are introduced [6-8]. Taking look at some of the previously 
proposed studies in this area would suggest useful insights for rating the risk of industrial wastes as well as chemical 
and hazardous materials. Mitchell, R. R. et al. 2002, by assigning a score for uncertainty and another for various 
characteristics such as toxicity, bioaccumulation, etc. determined the relative risk of chemicals. In this system, a simple 
rating method without using a specified mathematical algorithm is introduced [5]. A combination of qualitatively 
classification in estimation of industrial chemicals risk is presented in detail in the paper (Hauschild & Brrat, 2005) 
[9]. Estimation of chemicals risk using qualitative methods is one of the simplest and most applicable choices a 
researcher might prefer to make use of, together with the numerical methods.  
In this regard, Talınlı, et al. 2005, simultaneously made use of both the qualitative analysis using expressions such 
as “very hazardous”, “hazardous”, “typical”, etc. and the quantitative rating of the hazardous wastes risk [10]. 
Rajeshwar, et al. 2004, presented a procedure based on rating risk, which is used to estimate hazardous waste indices 
namely flammability, corrosion, reactivity and toxicity during transportation. Some of the utilized indices in this 
method are the volume of the waste being transported, the distance between discharge center and human population 
exposed to risk, etc. Indices used in this study are aimed at estimation of the risk associated to waste transportation as 
well as another management steps of various types of waste such as production, recycling, treatment and final disposal 
[11]. 
 Using waste ranking systems based on a certain number of indices, one could estimate for every type of waste, the 
risk of human and/or environmental health; following that, one could take the demanding plan and measure through 
the entire steps including waste packaging and labelling, collection and transportation, recycling, treatment and finally 
disposal. Commonly, a waste risk ranking system consists of two general parts. The first part includes the selection of 
waste indices and characteristics affecting on the waste risk level, and the second part is the selection of 
algorithm/method for ranking risk [12]. Some risk ranking systems of various types of waste are almost inapplicable 
due to complexity and high computational costs. Most of the reason is involving complicated mathematical methods 
and algorithms, for instance, fuzzy theory [13, 14], Copeland's scoring method [15], Hasse diagram [16] and etc. 
Another reason for inapplicability of some of the ranking systems is lack of detailed and comprehensive selection of 
waste risk indices. In order to make progress in the limitations of some previous approaches for waste risk ranking, we 
focused on both uncertainty of indices (waste properties) and the numerical method to recommend an applicable and 
simple algorithm. 
1.1. Industrial Waste Risk Ranking (IWRR) 
Generally, applying the IWRR method includes three main research steps: (1) Collecting the existing experimental 
data or choosing an estimation method when the experimental data are not present; (2) regulating criteria, which, 
singly or together, could be used to determine scores for the identified indices; and (3) proposing an algorithm for 
combination and weighting the scores into a numerical ranking for each sample of industrial waste. [17] The present 
study, by analyzing formerly proposed waste ranking systems, is aimed at covering the main and subsidiary indices for 
calculation of IWRR using a simple, applicable and absolutely identified approach; and consider human and 
environmental health aspects. 
Ab IWRR system is applicable depending on how much it is efficient, free of complexities and containing 
accessible and measurable indices. An IWRR and scoring method has been developed as a screening tool to provide a 
relative assessment of hazards to human health and the environment. The present research is aimed at following 
targets. The first purpose is identification and use of indices describing waste risk so that the indices include both 
aspects subjected to risk, i.e. human and environmental health. To reduce complexities and high computations of the 
waste risk ranking systems, which are the main reason of them in applicability, the TOPSIS MCDM method is 
employed for ranking waste risk. Some of its advantages are the possibility of quantifying and turning calculations to 
computer language for solving as well as simplicity of its application. 
2. Methodology 
In the science of Multi-Criteria Decision-Making, there are several methods in which subsidiary groups containing 
expenses and profit are considered [18]. One of them is The Technique for Order of Preference by Similarity to Ideal 
Solution (TOPSIS), firstly presented by Yoon 1980 and Hwang 1981 [19]. To solve Multi-Criteria Decision-Making 
problems based on this concept, the chosen alternative should have the shortest geometric distance from the positive 
ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS). For example, the 
positive ideal solution increases profit and reduces expenses, and the negative ideal solution reduces profit and 
increases expenses. TOPSIS method is a simple and efficient method for ranking a number of possible choices, trying 
to obtain the optimal solution. Numerous studies employed this method for multi-solution problems in various areas of 
science [20-23]. The mathematical algorithm of TOPSIS method consists of the following 7 steps: 
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Step 1: Establish the decision matrix (DM) 
The first step in TOPSIS method involves the construction of a Decision Matrix (DM).  
(1) Decision Making Matrix = 














   
 
 
Where counter i as (i=1,2, …, m) denotes the waste type and m denotes the number of identified industrial waste for 
ranking. Also counter j as (j=1,2, …, n) denotes the indices of each type of industrial waste describing the waste risk 
level in the objective index, and n is the total number of indices. Elements L1, L2, …, Ln represent titles and indices 
and A1, A2, …, An represent the industrial waste. 
 
Step 2: Calculate a normalized decision matrix (NDM) 









     , (i=1,2,…,m) , (j=1,2,…,n)   
 
Step 3: Determine the weighted DM 
None of the objective indices among the industrial wastes matter equally. Thus, Shannon entropy is used to 
determine the relative importance of the objective indices. Finally, weighted DM is easily generated by multiplying 
every element of the normalized matrix columns into weight values. 
(3) Vij =Wij * Nij 
 
Step 4: Identify the Positive Ideal Solution and (PIS) Negative Ideal Solution (NIS) 
The positive ideal (𝐴+) and the negative ideal (𝐴−) solutions are defined according to the weighted decision matrix 




+. … . 𝑉𝑛
+},where: 𝑉𝑗




−. … . 𝑉𝑛
−},where: 𝑉𝑗
− = {(max(Vij) if j𝜖 J); (min(Vij) if j𝜖 J’)} 
Where, J and J' are benefit and expenses attributes, respectively. 
 
Step 5: Calculate the separation distance of each alternative (waste) from the ideal and non-ideal solution. 
In order to calculate the separation distance of each alternative (waste) from the positive ideal solution (𝑆+) using 
Equation 6. is used as follows: 





  . (𝑖 = 1.2. … . 𝑚) 
In order to calculate the separation distance of each alternative (waste) from the negative ideal (𝑆−) solution using 
Equation 7. is used as follows: 





  . (𝑖 = 1.2. … . 𝑚) 
Step 6: Measure the relative closeness of each location to the ideal solution. 
For each competitive alternative the relative closeness of the potential location with respect to the ideal solution is 
computed by Equation 8. as follows: 




𝐷𝑖 =  
𝑆−
𝑆+ + 𝑆−
     . (𝑖 = 1.2. … . 𝑚) 
If  𝐷𝑖 = 1 →  𝐴𝑖 = 𝐴
+ 
If  𝐷𝑖 = 0 →  𝐴𝑖 = 𝐴
− 
Where Di varies between 0 and 1. As much as this value is close to 1 the rank of the objective alternative diminishes. 
Step 7: Rank the preference order of alternatives (wastes) 
According to the risk value obtained by each waste in the final level, ranking of the waste risks are accomplished. 
Based on the results of this method, waste with the maximum value of Di is introduced as a high risk waste and obtain 
a higher rank, and vice versa. 
2.1. Shannon Entropy 
So far, multiple weighting indices have been proposed by the researchers; such as Shannon entropy [24], which is 
very efficient the entropy concept is well suited for measuring the relative contrast intensities of criteria to represent 
the average intrinsic information transmitted to the decision maker [25], conveniently it would be a proper option for 
our purpose. Shannon entropy is, in fact, an estimation of uncertainty in the formulated information in the Probability 
theory. It is a calculation method of weights through the following steps [26, 27]: 
Step1: Normalize the objective indices 
(9) 𝑃𝑖𝑗 =  
𝑋𝑖𝑗
∑ 𝑋𝑖𝑗𝑗
      
Step2: Calculate the entropy of each index 
(10) 𝑒𝑖𝑗 = −𝑘 ∑ 𝑃𝑖𝑗 𝑙𝑛(𝑃𝑖𝑗)
𝑛
𝑗=1
.   𝑘 = (𝑙𝑛(𝑚))−1 
 
Step3: Define the value of divergence for each index 
(10) 𝑑𝑖𝑣𝑗= 1 − 𝑒𝑗
 
 
Step4: Calculate the normalized weights of each index 




3. Results and Discussions 
The ranking of alternatives is a very challenging task. The IWRR in initial phase needed very high expertise in 
decision making to select right project from all nine identified wastes. So the hierarchical structure of study has been 






















Figure 1. Hierarchical structure of study 
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In order to use TOPSIS method for IWRR, and toward achieving the primary purpose of the study, firstly the 
indices and characteristics affecting the IWRR were identified and presented in Table 1. The approach used to select 
the indices were the separation of risk between human health and environment. This leads to the risk value, being 
investigated separately as well as being accurate. 
3.1. Human Health Indices 
Indices playing role in human health and its affecting routes are divided in three main indices including toxicity 
effects, physicochemical effects and potential of exposure. Each of the main indices include some subsidiary indices 
where totally 9 indices are considered for human health. For the physicochemical effects of the waste, corrosion 
indices, flammability and reactivity indices according to the National Fire Protection Association (NFPA) standards 
were considered [28]. Toxicity index also was expressed by three subsidiary indices namely instant toxicity, acute 
toxicity and infectious toxicity. The exposure potential of harmful waste effects consists of two factors: route of effect 
and duration of effect. 
3.2. Environmental Indices 
Totally 11 indices are considered to estimate the environmental risk of waste. The indices are listed in Table 1. 
Boundary limits that have been considered for some of the main indices such as eco toxicity are extremely accurate 
and according to the tracks left by them in the environment (effects on the terrestrial and aquatic species). For 
instance, the main indices which ATSDR [29] proposed for estimation of toxicity risk are, firstly, not separated for 
human and environment, and secondly, not comprehensive. The scope of indices which (Liu J, et al. 2014) considered 
for estimation of toxicity risk in human health do not cover various causes (food, skin and/or breathing). Also in 
estimation of the environmental toxicity, their subsidiary indices only cover a small group of terrestrial and aquatic 
species [30]. As the supplement of Table 1. as well as calculation of subsidiary aspects of toxicity affecting human and 
terrestrial and aquatic species, Tables 2 and 3. are presented respectively. 
 
Table 1. Indices and Scores 
Risk Score Route Description Sub-Indices / Abbrev Main Indices Target 













4 pH≤2, pH≥12 or ≥6.35 
Corrosivity ((mm/year)) / I4 
* Physicochemical-Effects 
0 2 ≤pH≤12 or ≤6.35 
4 
Quickly and easily below the ambient 
temperature blast case. 
Ignitability / I5 
3 
The materials have ignited in ambient 
temperature conditions. (Flash point between 
22.8 to 37.8 ° C) 
2 
The materials must be heated slowly, to be 
flammable. (Flash point between 37.8 to 93.5 ° 
C) 
1 
Quickly and easily below the ambient 
temperature blast case. 
The materials have ignited in ambient 
temperature conditions. (Flash point between 
22.8 to 37.8 ° C) 
The materials must be heated slowly, to be 
flammable. (Flash point between 37.8 to 93.5 ° 
C) 
The materials, special conditions are needed for 
ignition. (Flash point above 93.5 ° C) 
Under normal conditions with flammable 
materials are never not. (Safe up to 820 ° C) 
0 
The materials under normal conditions never be 
flammable. (Safe up to 820 ° C) 




Easily able to explosion or decomposition at 
normal temperatures and pressures 
Reactivity / I6 
3 
The explosion or decomposition but requires a 
strong primary energy 
2 
Under extreme chemical change in high 
temperature and pressure 
1 
Normally stable, but at a very high temperature 
and pressure may be active 
0 Normally stable, even under fire exposure 
0.4 Air 
Exposure Route / I7 
* Exposure Potential 
0.3 Soil 
0.2 Surface water 
0.1 Ground water 
0.4 >24 




- Based on Table No.2 Terrestrial animals toxicity / I9 
Eco toxicity 
Environment 
- Based on Table No.3 Aquatic toxicity / I10 
0.2 Bio accumulative 
- / I11 Bioaccumulation 
0.1 Non-bio accumulative 
0.4 Gas 





Degree of  Waste Destruction 













Waste Mass / I15 





* The indices that are identical in human & environment target. 
 
Table 2. The Boolean-based classification of acute toxicity and forms of exposure modes 




2 < LC50 ≤20 mg/l (4 hr) 0.3 
0.5 < LC50 ≤2 mg/l (4 hr) 0.2 
LC50 ≤0.5 mg/l  (4 hr) 0.1 
Gases/vapors 
1 < LC50 ≤5 mg/l (4 hr) 0.3 
0.25 < LC50 ≤1 mg/l (4 hr) 0.2 
LC50 ≤0.25 mg/l (4 hr) 0.1 
Intake Swallowing 
200 < LD50 ≤2000 mg/kg 0.3 
25 < LD50 ≤200 mg/kg 0.2 
LD50 ≤25 mg/kg 0.1 
Dermal Through skin 
400 < LD50 ≤2000 mg/kg 0.3 
50 < LD50 ≤400 mg/kg 0.2 
LD50 ≤50 mg/kg 0.1 
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Table 3. Aquatic chronic toxicity based on L(E)C50 values of fish, crustaceans and algae or any other aquatic plants 
Sub-Indices Target Organ Domain ranges Risk Score 
Aquatic toxicity 
Fish [96 h LC50 (mg/L)] 
≤0.1 0.4 
0.1≤1 0.3 
1 to ≤10 0.2 
10 to ≤100 0.1 
Crustaceans 
[48 h EC50 (mg/L)] 
≤0.1 0.4 
1 to ≤10 0.3 
1 to ≤10 0.2 
10 to ≤100 0.1 
Algae [72 or 96 h ErC50 (mg/L)] 
≤0.1 0.4 
0.1 to ≤1 0.3 
1 to ≤10 0.2 
10 to ≤100 0.1 
3.3. Case Study 
To evaluate the proposed method in this study, a number of 9 wastes in three industries were identified and the 
initial results were presented in Table 4. The identified wastes owned Certificates of Analysis & Material Safety Data 
Sheets (MSDS), and their production are clear in kg/month in three industries namely detergents, petrochemical and 
food. 
Table 4. Wastes detected in 3 industrial sector 
Abbrev Quantity (kg/mo.) Waste Industry sector 
W1 770 Sludge 
Detergent 
W2 11700 Wastewater \ Sulfonation Part 
W3 4000 Vanadium pentoxide 
W4 2100 Combined liquid waste 
W5 12000 Sludge Treatment Plant 1 
Petrochemical W6 14000 Waste sludge processing unit 
W7 9330 Sludge Treatment Plant 2 
W8 2000 Sludge treatment plants 
Food 
W9 1000 Regular waste 
 
 In order for rating identified wastes, TOPSIS method was employed and the seven steps were followed using 
MATLAB R2014a software. The decision matrix of IWRR are presented in Table 5. The column associated to 
industrial wastes is represented by (Wi , 1 ≤ i≤ 9) and the row associated to the waste risk indices is represented by (Ii 
, 1 ≤ i≤ 15) in the decision matrix. The normalized matrix using Equation 2. and its outputs are reported in Table 6. 










I15* I15 I14 I13 I12 I11 I10 I9 I8 I7* I7 I6* I5* I4* I6 I5 I4 I3 I2 I1  
1 1 0.3 0.3 0.2 0.2 0.3 0.1 0.4 0.1 0.4 3 2 0 1 1 0 0 0.1 0.3 W1 
4 4 0.2 0.2 0.3 0.2 0.2 0.1 0.4 0.4 0.4 1 3 0 2 2 0 0 0.2 0.2 W2 
2 2 0.3 0.2 0.1 0.1 0.2 0.1 0.2 0.4 0.1 3 4 4 3 4 4 0 0.3 0.3 W3 
2 2 0.3 0.3 0.3 0.2 0.3 0.1 0.4 0.1 0.3 2 3 0 2 3 4 0 0.2 0.2 W4 
4 4 0.1 0.1 0.2 0.2 0.2 0.1 0.3 0.2 0.2 2 4 0 2 2 0 0 0.1 0.1 W5 
4 4 0.1 0.1 0.2 0.1 0.2 0.4 0.4 0.3 0.4 1 2 0 3 3 0 0 0.2 0.2 W6 
3 3 0.1 0.1 0.2 0.1 0.3 0.1 0.4 0.2 0.2 2 2 0 2 2 0 0 0.1 0.3 W7 
2 2 0.1 0.1 0.2 0.1 0 0 0.2 0.2 0.3 1 2 0 1 1 0 0 0 0 W8 
1 1 0.1 0.1 0.2 0.1 0 0 0.2 0.1 0.4 1 0 0 1 0 0 0 0 0 W9 
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Table 6. Normalized decision matrix 
 
 
In order to calculate the normalized weighted matrix, calculation of the weight of each index in rating the waste 
risk is required. Shannon entropy as a popular method (described through Equations 9 to 11) is used to estimate the 
weight of each of 20 indices of industrial wastes and finally three factors ei, di and wi for each index are presented in 
Table 7. Among these indices, I3,4* and I12 were evaluated as the maximum and minimum weights among the selected 
indices. 
Table 7. Calculated entropy measure, divergence and objective weights of criteria 
 
 
Using the results of previous steps and using Equations 3 to 7, positive ideal solution (PIS) and negative ideal 
solution (NIS) were calculated. The closeness factor of each solution, as the risk value of each of the identified 
industrial waste in the industrial section, also were calculated using TOPSIS method and the results were presented in 
Table 8. According to the results, waste no 3 (Vanadium pentoxide) from the detergents group, and waste no 9 
(Regular waste) from the food group were determined as the most and least risky wastes, respectively. Figure 2. shows 
another type of ranking identified industrial waste risk. 

























I15* I15 I14 I13 I12 I11 I10 I9 I8 I7* I7 I6* I5* I4* I6 I5 I4 I3 I2 I1 
0.12 0.12 0.50 0.54 0.30 0.44 0.46 0.21 0.40 0.13 0.42 0.51 0.25 0.00 0.16 0.14 0.00 1.00 0.20 0.47 W1 
0.47 0.47 0.33 0.36 0.46 0.44 0.30 0.21 0.40 0.53 0.42 0.17 0.37 0.00 0.33 0.29 0.00 0.00 0.41 0.32 W2 
0.24 0.24 0.50 0.36 0.15 0.22 0.30 0.21 0.20 0.53 0.10 0.51 0.49 1.00 0.49 0.58 0.71 0.00 0.61 0.47 W3 
0.24 0.24 0.50 0.54 0.46 0.44 0.46 0.21 0.40 0.13 0.31 0.34 0.37 0.00 0.33 0.43 0.71 0.00 0.41 0.32 W4 
0.47 0.47 0.17 0.18 0.30 0.44 0.30 0.21 0.30 0.27 0.21 0.34 0.49 0.00 0.33 0.29 0.00 0.00 0.20 0.16 W5 
0.47 0.47 0.17 0.18 0.30 0.22 0.30 0.85 0.40 0.40 0.42 0.17 0.25 0.00 0.49 0.43 0.00 0.00 0.41 0.32 W6 
0.36 0.36 0.17 0.18 0.30 0.22 0.46 0.21 0.40 0.27 0.21 0.34 0.25 0.00 0.33 0.29 0.00 0.00 0.20 0.47 W7 
0.24 0.24 0.17 0.18 0.30 0.22 0.00 0.00 0.20 0.27 0.31 0.17 0.25 0.00 0.16 0.14 0.00 0.00 0.00 0.00 W8 
0.12 0.12 0.17 0.18 0.30 0.22 0.00 0.00 0.20 0.13 0.42 0.17 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 W9 
I15* I15 I14 I13 I12 I11 I10 I9 I8 I7* I7 I6* I5* I4* I6 I5 I4 I3 I2 I1  
0.95 0.95 0.94 0.95 0.98 0.97 0.88 0.80 0.98 0.94 0.97 0.96 0.93 0.00 0.96 0.90 0.32 0.00 0.85 0.86 ej 
0.05 0.05 0.06 0.05 0.02 0.03 0.12 0.20 0.02 0.06 0.03 0.04 0.07 1.00 0.04 0.10 0.68 1.00 0.15 0.14 dj 
0.01 0.01 0.02 0.01 0.00 0.01 0.03 0.05 0.01 0.02 0.01 0.01 0.02 0.26 0.01 0.02 0.17 0.26 0.04 0.04 wj 
Ranking RS S- S+ 
Industrial 
Wastes 
2 0.473 0.286 0.257 W1 
5 0.069 0.383 0.028 W2 
1 0.526 0.257 0.286 W3 
3 0.260 0.363 0.127 W4 
7 0.055 0.383 0.022 W5 
4 0.119 0.382 0.052 W6 
6 0.068 0.383 0.028 W7 
8 0.017 0.386 0.007 W8 
9 0.007 0.386 0.003 W9 




















Figure 2. Ranking of 9 industrial wastes with TOPSIS method  
4. Conclusion  
Methods of IWRR are formed of two parts: identifying indices, and the calculation method/algorithm. Minding the 
applicability, complexity, computational costs and extraction of proper indices in order to define the IWRR are 
important to be considered. In this study, a number of 9 indices over the human health, and 11 indices over the 
environment risk were identified, extracted and their boundary limits were determined. Separation of indices and risk 
values by human and environment might give useful information to industry owners of various sections. In the 
following, the multi-criteria decision-making method (TOPSIS) was developed for IWRR. Conventional MCDM 
methods focus on a set of possible solutions and consider more than only one criterion to determine rating priority in a 
system. Among the dual purposes of this research, the main goal is to develop TOPSIS method for rating IWRR 
among the identified wastes in three industry sections. This was described using a multi-criteria decision-making 
method under uncertainty situations. 
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